An audit of 100 patients undergoing elective abdominal aortic surgery either by open aortic repair (OAR group 50 patients) or endovascular aortic repair (EAR group 50 patients) was undertaken to document changes in anaesthetic technique and perioperative outcome. The data for the OAR group was collected retrospectively and that for the EAR group prospectively. Combined general anaesthesia and thoracic epidural anaesthesia was used in 44 of the OAR group whereas lumbar central neural blockade alone was used in 47 of the EAR group. The major differences between the two groups were that intraoperative blood loss was significantly less in the EAR group (OAR 1674±1008 ml, EAR 459±350 ml, P<0.001) and that no patient in the EAR group required admission to the Intensive Care Unit (ICU), whereas ICU time for the OAR patients was 29±22 hours. Hospital stay was also significantly different between the two groups (OAR 13±6 days, EAR 5±3 days, P<0.001). Major complications occurred in 20 patients in the OAR group but only 4 patients in the EAR group (P<0.001). EAR reduces blood loss, the requirement for ICU admission, and hospital stay. Central neural blockade is a satisfactory anaesthetic technique for EAR.
Endovascular repair of abdominal aortic aneurysm (AAA) is increasingly employed because it reduces morbidity and mortality 1 . This technique involves transfemoral placement of an endovascular graft using small groin incisions and is significantly less invasive than the extensive laparotomy required for an open AAA repair.
The endovascular technique has the potential for reducing perioperative morbidity, intraoperative blood loss, intensive care time and hospital stay 2 . Although surgical technique and outcome have been reported, descriptions of changes in anaesthetic techniques and perioperative care are limited. The aim of this audit was to report the anaesthetic techniques used for endovascular repair of AAA and to compare them with those used for open repair of elective infrarenal abdominal aortic aneurysms.
MATERIALS AND METHODS
The audit was approved by the hospital's Research Committee, which did not require informed consent because of the data collection nature of the study. Data from fifty patients scheduled for endovascular abdominal aortic aneurysm repair (EAR) were collected prospectively and were compared with data retrospectively collected from 50 patients who had had open aortic aneurysm repair (OAR) because they were not suitable for endovascular repair or were operated on prior to the introduction of endovascular repair at our institution. Patients were considered suitable for endovascular repair if there was an infrarenal neck of approximately 2 cm and the iliac and femoral arteries were at least 7 mm in diameter to allow introduction of the prosthesis. The EAR group were consecutive patients studied between 1997 and 2000 except for one three-month period while the main author (MJD) was on leave. The OAR groups were consecutive patients who were operated on between 1995 and 2000, thus many of these cases were operated on during the same time period. The anaesthetic technique used was that chosen by the individual anaesthetist who was responsible for the clinical care of the patient.
A specific data sheet was completed for both groups to detail associated medical conditions, anaesthetic techniques, monitoring, intraoperative blood loss, intensive care stay, hospital stay and in-hospital postoperative complications. Complications were defined as previously described by Tuman et al 3 which involved small modifications of the definitions used by Yeager et al 4 and Davies et al 5 . The EAR group was also assessed for patient satisfaction with the anaesthesia. This utilized a linear rating scale from 1 to 5, where 1 was excellent and 5 was poor.
Data was analysed using Statview 4 software (Abacus Concepts, Berkely CA, U.S.A.). Continuous variables were compared using the unpaired Student's t test, whilst Fisher's Exact Test was used for categorical variables. A P value of <0.05 was taken as significant. Table 1 shows a comparison of the major demographic and clinical characteristics of the patients. There were no significant differences between the groups. Preoperative medical conditions were also similarly distributed, except angina was more common in the OAR group. Table 2 compares the anaesthetic technique used for OAR and EAR. Combined general and epidural anaesthesia was used in most of the OAR groups. Epidural analgesia was continued into the postoperative period for an average of 72 hours. In the EAR group combined spinal and epidural anaesthesia or epidural anaesthesia alone were the usual techniques. Two patients had general anaesthesia (GA) alone because central neural blockade was contraindicated and one patient was converted to GA because of a failed block. Two patients had single-shot spinal anaesthesia because they had previously had laminectomies. Table 3 shows the details of the patients having epidural anaesthesia. The OAR group had thoracic epidural catheters inserted mostly at T 8-9 or T 9-10 levels, and usually had 1.5% or 2% lignocaine with 1:200,000 adrenaline or 0.5% bupivacaine with 1:200,000 adrenaline injected. Four patients had ropivacaine infusions and one patient had fentanyl injected to minimize the cardiovascular changes associated with the epidural. Lumbar epidural catheters were usually placed at L2-3 or L3-4 in the EAR group and 2% lignocaine with 1:200,000 adrenaline was used in this group.
RESULTS
The spinal anaesthesia for the EAR group utilized 3 to 4 ml of 0.5% isobaric bupivacaine, the mean dose being 17±2 mg (mean±SD). Only five of the 21 patients receiving combined spinal and epidural anaesthesia required utilization of the epidural anaesthesia during surgery that outlasted the duration of the spinal anaesthesia. These epidural catheters were either removed six hours after intraoperative heparin was administered or the day after surgery, if used for postoperative analgesia.
Intraoperative blood loss was significantly different between the two groups. In the OAR group it was recorded in 37 patients and was 1674±1008 ml (mean±SD) with a range of 300 to 4300 ml. By contrast blood loss in the EAR was 459±350 ml with a range of 50 to 1800 ml (P<0.001). Figure 1 distribution of intraoperative blood loss. The cell saver was available for all the OAR group but the blood was only washed and retransfused if more than 1000 ml of blood was collected, which occurred in 27 of the 37 operations in which blood loss was recorded. The cell saver was not utilized for the EAR group because significant blood loss was not expected. Table 4 shows that operative time was approximately 34 minutes less in the EAR group compared to the OAR group (P<0.001). No patient in the EAR group required admission to the Intensive Care Unit (ICU), yet all OAR patients were routinely admitted to ICU for the first postoperative day. Only four of these patients were ventilated, all other patients were extubated at the completion of surgery. The duration of hospital stay was significantly reduced in the EAR group (P<0.001), with an overall difference of eight days. Table 5 shows a comparison of postoperative complications. Overall 40% of patients in the OAR group had significant complications, whereas only 8% of patients in the EAR group had similar complications. Ten patients in the EAR group had postoperative fever for which no clear cause could be diagnosed.
All but one patient in the in the EAR group rated their anaesthesia as good or excellent. The other patient rated his anaesthetic experience as below average because of discomfort experienced during surgery which took 180 minutes.
DISCUSSION
This audit shows that EAR can be successfully performed using central neural blockade alone. Epidural anaesthesia or combined spinal and epidural anaesthesia were the main techniques used in these patients. This contrasts with a report of the anaesthetic requirements reported by Baker et al 6 , where in a retrospective review of 100 cases of endoluminal aortic stent graft surgery, general anaesthesia was used in 50 patients, combined general anaesthesia and thoracic epidural anaesthesia in 41 and only nine patients had lumbar epidural with sedation. Henretta et al 7 reported the successful use of local infiltration of 10 to 20 ml 1% lignocaine supplemented with intravenous sedation using either propofol or midazolam. Conversion to general anaesthesia was only required in one of 47 patients. They stated, "only a quarter of the patients were awake enough to be cooperative during the entire case, most were easily aroused within minutes of stopping the titrated sedative drips". This sentence indicates that 75% of their patients were effectively under general anaesthesia rather than sedation. Patient cooperation is essential in patients who have this procedure under regional anaesthesia so that they can control their breathing during radiographic imaging to improve the quality of the imaging, and also so that they don't move suddenly during critical phases of graft deployment. Patient satisfaction with the anaesthetic was good or excellent in 49 patients of the EAR group, but this may be influenced by the success of the surgery in this group of patients. In this audit, anaesthesia for OAR was usually general anaesthesia combined with thoracic epidural anaesthesia to gain the benefits of epidural analgesia in the postoperative period. Small groin incisions are used for EAR so that lumbar epidural anaesthesia with a sensory level to the umbilicus is adequate for surgery, and epidural analgesia is not usually required after surgery because of the reduced pain with groin incisions.
Monitoring with pulmonary artery catheterization was only used in the OAR group (72%). This was mainly because of the greater expected blood loss in the OAR group and the significantly greater cardiovascular stress response to the open surgery. Central venous catheterization (CVC) was used in 88% of the EAR group to allow for easy conversion to open aortic surgery and to administer cardiovascular drugs. The use of CVC was discontinued in the last six patients because it became apparent that no patient in the EAR group had required conversion to open surgery, and also the requirement for cardiovascular drugs had been minimal. Our current practice is to restrict the use of a CVC to patients with specific medical indications. Cardiovascular stability has been reported to be better in the EAR group than the OAR group 8, 9 . This difference may be explained on the basis of the different anaesthetic techniques, different surgical stress and blood loss between the two groups.
Intraoperative blood loss was significantly greater in the OAR group when compared to the EAR group. Four other studies report similar findings in which average blood loss for the EAR group was 498 ml 10 , 500 ml 11 , 556 ml 2 and 641 ml 12 , compared to 1287 ml 10 , 1500 ml 11 , 1271 ml 2 and 1596 ml 12 in the OAR group. All these studies consistently show that blood loss for EAR is about one third of that for OAR. One study 8 found a greater blood loss in the EAR patients (2513 ml compared to 1630 in the OAR patients), but this study was early in the endovascular surgical program and improvements in surgical technique and equipment would now be expected to reduce blood loss.
In this study, operating time was shorter in the EAR group. This is different from the situation reported in other studies, where EAR operating time tended to be greater by approximately 50 minutes 8, 10, 12, 13 . The duration of EAR surgery should decrease as surgical experience improves and the design of endovascular devices becomes less complex. Patients who are awake under regional anaesthesia have limited tolerance of the positioning for endovascular surgery so an operating time of less than two hours is desirable. The simplified anaesthetic technique in the EAR group should also reduce the anaesthetic preparation time when compared with that required for the OAR group.
No patient required intensive care after surgery in the EAR group, nor did they require prolonged time in our recovery room where the average stay was 86 minutes. ICU was routinely used in all patients having OAR, although only four of the 50 patients required ventilation after this surgery. Extubation at the completion of surgery was facilitated by the good analgesia provided by the thoracic epidural. Most other comparisons between the two methods of treatment indicate some ICU time in the EAR group, but always significantly less than for the OAR groups 10,12 . May et al 2 admitted 43 of 108 EAR patients to ICU.
Duration of hospital stay was significantly different between the two groups, and in this study there was a mean saving of eight hospital days in the EAR group. This finding is confirmed by all the other reports 2, 8, 10, 12, 13 where the two methods of treatment are compared. The magnitude of the saving was similar in these studies, the average saving being 5.5 days 2, 8, 10, 12, 13 .
Postoperative complications were significantly less in the EAR group. This could be explained by the difference in the stress response between the two types of surgery. Where both groups had general anaesthesia, Thompson et al 8 reported greater plasma adrenaline concentrations but not plasma noradrenaline concentrations throughout surgery in an OAR group compared with an EAR group. These catecholamines were not measured in the postoperative period, but it is most likely that the OAR group would continue to have higher levels. Regional anaesthesia for the EAR group should have completely ablated the stress response, whereas the anaesthesia for the OAR group could attenuate the response at best 4, 14 .
Again, using general anaesthesia for both groups, Boyle et al 13 compared EAR to OAR, and showed significantly better forced expiratory volume and forced vital capacity at both postoperative days 3 and 5 in the EAR group. This may be associated with a reduction in pulmonary complications in the EAR group.
One factor which may limit the utilization of endovascular grafts for infrarenal aortic aneurysm surgery is the cost of the graft (approximately A$10,000) 1 . This cost may be offset by the reduced hospital stay, the lack of requirement for ICU, the reduction in anaesthesia costs and the reduction of the requirement for cell saving equipment. It is difficult to quantitate these savings, as the techniques and equipment for, and costs of EAR are still evolving.
EAR can be a hazardous procedure. Conversion to open repair has been associated with 24% mortality, and 43% if the patients were previously rejected for open repair because of co-morbidities 15 . These numbers suggest that OAR following failed EAR is a more technically complicated procedure. Surgical time is more prolonged, and there is a higher risk of renal dysfunction in these patients. Conversion to open surgery occurs at varying rates, being reported from 0% to 10% 7, 10, 11, 12, 15 . The conversion rate should decrease with increased surgical experience and improved endoluminal grafts 16 . There were no conversions to open surgery in our audit, and the potential for conversion to open surgery no longer dominates our anaesthetic technique as it did when we started this form of treatment. Massive blood loss and prolonged operating time can occur 17 , so the anaesthetist always needs to plan for these unusual events in order to reduce patient morbidity.
This audit is not a randomized controlled trial of anaesthetic techniques for EAR and OAR but this was not possible because of the rapid development of a surgical preference for EAR. The data collected retrospectively for the OAR group had been well documented and the quality of the information was good.
We conclude that EAR can be safely performed under central neural blockade. The surgical technique of EAR is associated with reductions in blood loss, postoperative complications, time in intensive care, hospital stay and requirements for monitoring when compared with OAR. EAR provides a significant improvement in the care of patients with infrarenal aortic aneurysm.
